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Falciparum malaria is a complex disease with a
broad clinical spectrum. Several pathophysiologic
changes are involved in the disease process. Yet, in
the complicated chain of events, these patho-
physiologic phenomena are not specific and may be
found in other acute inflammatory diseases. One of
the most important effects of Plasmodium falcipa-
rum infection is capillary endothelial damage,
which causes increased vascular permeability lead-
ing to an impairment in the microcirculation. Hemo-
dynamic alteration, hematologic change, and immu-
nologic response are among the major patho-
physiologic mechanisms in the pathogenesis of the
disease. Based on these mechanisms, renal in-
volvement in falciparum malaria therefore varies
widely. Disturbances in the renal microcirculation
are responsible for acute renal failure; massive in-
travascular hemolysis causes hemoglobinuria with
or without renal failure; and immunologic reaction
to parasites accounts for glomerular lesions. In ad-
dition, fluid and electrolyte disorders may result
from the nonspecific effect of fever. In this paper,
the clinical spectrum of renal manifestations, renal
pathologic changes, and pathogenesis will be pre-
sented.
Fluid and electrolyte disorders
Volume depletion with azotemia may occur dur-
ing the acute phase of falciparum malaria, espe-
cially in severe cases [1]. Pure water depletion,
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however, is uncommon. Therefore, hypernatremia
is observed seldom [1].
Hyponatremia is observed in 67% of cases [2],
usually in patients with heavy infection. The causes
of hyponatremia are multiple. In a few instances
there is evidence of sodium depletion. In some pa-
tients, hyponatremia is unexplained and may be re-
lated to a "resetting" of the osmoreceptors. In oth-
er patients, there is evidence of increased anti-
diuretic hormone activity [2]. This is associated
with hypervolemia, high urine sodium concentra-
tion, hyperosmotic urine, and normal renal func-
tion. The electrolyte pattern is consistent with the
syndrome of inappropriate secretion of antidiuretic
hormone. The mechanism responsible for its de-
velopment is not clear. It may be related to fever
because it has also been noted in other febrile ill-
nesses. Certain findings such as hypervolemia and
increased antidiuretic hormone activity bear re-
semblance to those seen in heat acclimatization
[3]. It is possible that antidiuretic hormone is in-
creased by some nonosmotic stimulus, and heat
might be responsible [4]. There is a delayed re-
sponse to a water load in this group of patients. In-
travenous fluid therapy therefore must be carried
out with caution. Pulmonary edema, sometimes ob-
served in malaria, could be due to fluid overload [5].
Because of hyperventilation due to fever, mild
respiratory alkalosis is noted frequently [2].
Glomerulonephritis
Proteinuria and cylindruria with mild urinary
sediment changes are common in falciparum ma-
laria, being found in 20 [6] to 50% [7] of patients.
Proteinuria, composed of albumin and large globu-
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un molecules, is usually less than 1 g per 24 hours,
and disappears as fever subsides or within 2 or 3
weeks. Renal function is normal in uncomplicated
cases [8]. There is no correlation between the height
of fever and the degree of proteinuria or changes in
the urinary sediment, During the acute phase of the
disease, serum C3 and C4 are found to be decreased
[9-13]. Antibodies toP. falciparum, P. falciparum-
soluble antigen, serum fibrin degradation products,
and circulating immune complexes are detectable
[11, 12, 14, 15]. In most cases, hypertension and
edema are not present. Hypertension and edema,
however, have been observed in association with
renal failure [16] or the nephrotic syndrome [17]. It
is interesting that in our experience with P. falcipa-
rum infection, the nephrotic syndrome and renal
failure due to glomerulonephritis have not been ob-
served. Renal failure usually is due to acute tubular
necrosis.
Only a limited number of reports are available on
glomerular lesions in falciparum malaria. In 1946,
Spitz examined a group of 50 soldiers who died
from P. falciparum infection [18]. Glomerular
changes, including hypercellularity and occasional
thickening of the basement membrane, were found
in 18% of them. Berger, Birch, and Conte reported
3 patients who developed the nephrotic syndrome
during the course of acute P. falciparum infection
[17]. Glomerular hypercellularity was noted also in
renal biopsy specimens. Of 16 patients with the
nephrotic syndrome studied in Nigeria, 15 had quar-
tan malaria, and one had falciparum malaria [19]. In
these patients, immunoglobulins and complement
were demonstrated in the glomeruli by immuno-
fluorescence microscopy. Acute glomerulonephritis
with renal failure in falciparum malaria has been de-
scribed [16]. Glomerular hypercellularity and irreg-
ular thickening of basement membrane were noted.
IgG, 1gM, and C3 were identified in the glomerular
mesangium and along the basement membrane. A
detailed account of glomerular immunopathologic
lesions has been described recently by our group
[12]. The pathologic changes vary from case to case
depending on the stage and severity of the disease.
There is widening of the mesangial area. Hyper-
plasia and hypertrophy of endothelial cells are pres-
ent in some capillaries. Glomerular hypercellularity
is found in severe cases. Thickening of the base-
ment membrane is occasionally observed. The gb-
merular capillary lumen may be either normal,
bloodless, or engorged with erythrocytes. Clumps
of eosinophilic granular material, pigmented gran-
ules, or pigmented laden macrophages are some-
times seen in the capillary lumens. During the stage
of parasitemia, parasitized erythrocytes are also
found in the glomeruli. Eosinophilic granular mate-
rial may be seen in the Bowman's space. Glomeru-
lar changes are therefore usually mild but tend to be
most striking when renal biopsy is performed early
in the course of the disease. In general, there is no
relationship between renal failure and glomerular
changes [12, 20, 21].
Electron microscopy reveals electron-dense de-
posits in the subendothelial and paramesangial
areas. The paramesangial space contains granular,
fibrillar, and amorphous material. The mesangial
matrix is increased and focal formation of collagen
fibrils is noted (Fig. 1). Many deformed erythro-
cytes and clusters of membranous structure of un-
known origin are found entrapped in the spaces
formed by endothelial cytoplasm (Fig. 2). These
changes, except for electron-dense deposits, are
present to some degree even in the glomeruli that
appear normal by light microscopy. It is interesting
that the glomerular hypercellularity observed by
light microscopy is due to localization of monocytes
of variable phagocytic activity in the capillary lu-
mens. Occasionally, the gbomerular capillary is
thickened by the presence of granular and
Fig. 1. Electron micrograph showing widened mesangial area
with deposits of cluster of collagen fibrils (CF). M is mesangial
cell (magnification, x8970).
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Fig. 2. Trapping of destructed erythrocytes (arrow) in endothelial cytoplasmic spaces. En is endothelial cell; D is electron dense deposits
(magnification, x9750).
amorphous material in the inner layer of the base-
ment membrane and subendothelial areas without
definite thickening of the lamina densa or lamina cx-
terna of the basement membrane (Fig. 3). Although
there is evidence of low-grade intravascular coagu-
lation in falciparum malaria, fibrin is not detectable
in the glomeruli.
Immunofluorescent studies show deposits of im-
munoglobulin 1gM, with or without IgG in the
glomeruli, and beta-i-C globulin is also present.
The deposits appear finely granular and are local-
ized mainly in the mesangial areas. Occasionally,
fine granules are seen along the luminal sides of the
glomerular capillaries. Granular deposition of P.
falciparum antigen can be demonstrated in mesan-
gial areas and along the capillary wall [12]. The find-
ings provide evidence of immune complex glomeru-
lonephritis formed by P. falciparum antigen and
corresponding antibodies.
Glomerulonephritis occurring during the course
of falciparum malaria is mild and transient. Light
and electron microscopy and immunofluorescent
studies show resolution of the glomerular lesions
within 4 to 6 weeks after antimalarial treatment. In
this regard it resembles the glomerulonephritis that
occurs during the course of acute bacterial infection
in humans [22] and is similar to nephropathy in
Aotus monkeys infected with P. falciparum [23]
and in P. berghei-infected mice in experimental
models [24, 25]. These P. berghei-infected mice de-
veloped acute immune complex glomerulonephritis
6 to 7 days after malarial inoculation. Proteinuria
and glomerular changes disappeared quickly after
antimalarial treatment. Falciparum malarial ne-
phropathy therefore differs significantly from quar-
tan malarial nephropathy in which the glomerular
lesions persist despite antimalarial treatment [26—
28]. The reason for this difference is not clear, but it
could perhaps reflect the difference in immune re-
sponse and the course of the two diseases. Immune
response to P. malariae is often less than it is to P.
falciparum [29], and infection with P. ma/ariae is
usually chronic because of merozoite recycling in
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Fig. 3. Electron micrograph of a portion of glomerular capillary wall, showing subendothelial
deposits of granular and amorphous material. (Magnification, x9750).
of antigen. Chronic antigenic stimulation could lead
to persistent glomerular lesions.
The observations of nephrotic syndrome [17, 19]
and renal failure [16] in some patients warrant addi-
tional comment. In nephrotic patients, the disease
may run a chronic course [17]. Although there was
no direct proof to indicate the cause-effect relation-
ship, the coexistence of nephrotic syndrome and
falciparum malaria may not be coincidental. This
might also be true for an association with glomeru-
lonephritis and renal failure provided that prerenal
causes of renal failure can be excluded [16]. Several
factors, including chronicity of antigenic stimula-
tion, size of immune complexes, hemodynamics,
and immune complex clearance by reticuloendothe-
hal system must be taken into consideration. One of
the possibilities is that with an increasing incidence
of chloroquine resistance of P. falciparum, the
course of the disease might be modified. The dis-
ease could run a chronic course with prolonged an-
tigenic stimulation, thus causing severe glomerular
changes lending to the nephrotic syndrome and re-
nal failure. In support of this hypothesis, persistent
glomerulonephritis has been observed in P. berg-
hei-infected mice in which the course of the dis-
ease was prolonged by treatment with suboptimum
dose of chloroquin (Boonpucknavig and Boon-
pucknavig, to be published).
Acute renalfailure
Acute renal failure is a common complication of
falciparum malaria. It is usually associated either
with acute intravascular hemolysis or heavy para-
sitic infection.
Acute intravascular hemolysis. Intravascular he-
molysis may occur in falciparum malaria. It may be
induced by malarial infection or by antimalarial
drugs in a patient with or without G6-PD deficiency
[30]. Quinine, chioroquine, and pyrimethamine
have been incriminated [31]. Blackwater fever can
be diagnosed only when drug-induced hemolysis is
excluded [32]. It need not be associated with qui-
nine or G-6-PD deficiency as previously was be-
lieved [30]. The pathogenesis is unknown, but evi-
dence points to a state of sensitivity that results
from a partial loss of immunity, which causes a
sharp hemolysis upon reinfection with P. falcipa-
rum [30]. Parasites are usually scanty in the periph-
eral blood film. Those patients with high fever and
numerous parasites usually do not develop black-
water fever. Whatever the mechanism, hemoglobin-
uria occurs when the plasma hemoglobin exceeds
the maximum binding capacity of haptoglobin. In
mild cases, renal failure may not occur. The devel-
opment of renal failure is believed to be attributed
to renal ischemia [33], although tubular obstruction
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by hemoglobin casts may be a contributing factor
[34]. Hyperkalemia is an added hazard in this clini-
cal setting.
Histologically, there is tubular atrophy with inter-
stitial lymphocytic infiltration. Focal fibrosis may
be present [35]. Iron-positive pigment is demon-
strable in tubular epithelial cells and in fibroblasts.
Heme casts are found in the tubule lumens. On elec-
tron microscopy proximal tubular cells are seen to
contain large coalescing vacuoles and osmiophilic
inclusions [35].
Heavy parasitic infection. Aside from renal fail-
ure due to acute intravascular hemolysis, renal fail-
ure is more common in falciparum malaria with
heavy infection unless the patient is previously
treated [1, 21, 36—38]. The patient is acutely ill with
high fever. Renal failure is catabolic in type with a
rapid increase in the blood urea nitrogen concentra-
tion and uremic symptoms. There is jaundice of
varying degrees, the nature of which is more chole-
static than hepatocellular. Mild intravascular hemol-
ysis may be present. The duration of renal failure
varies from a few days to several weeks. Nonoli-
guric renal failure is not uncommon. Although pen-
toneal dialysis has been used in the treatment of ma-
larial renal failure [38—40], its effectiveness in se-
vere cases is limited because of low dialysance due
to impaired microcirculation. In this regard, hemo-
dialysis is preferred. Quinine must be given with
caution, and the dose should be modified. Those pa-
tients with hyperbilirubinemia above 25 mg/100 ml
may be severely oliguric. In this group, exchange
blood transfusion is of value. Clinical improvement
is remarkable with rapid reduction of the serum bili-
rubin concentration, increased urine flow, and de-
creased parasitemia [41].
Renal pathologic changes are confined mainly to
the tubules. Necrosis and degeneration appear
more severe in distal convoluted than they do in the
proximal tubules (Fig. 4). Proximal tubular epithe-
hal cells show cloudy swelling and vacuolization
[36]. Fine and coarse hemoglobin granules are de-
monstrable in proximal tubular cells, and some-
times hemosiderin is observed. The findings are
similar to those observed in experimental animals
with hemoglobinuria [42]. Hemoglobin and granular
casts are usually present in the lumens of distal and
collecting tubules. Interstitial edema is usually pres-
ent. During the recovery phase, dilatation of the
distal convoluted tubules with regeneration of the
epithelial cells is observed. It is interesting that the
mitotic activity appears more in the cells lining the
macular densa than it does in the other part of the
distal tubule (Fig. 5). The significance of this finding
is not known but may be related to autoregulatory
function of renal blood flow.
Patho genesis of renalfailure
The mechanism responsible for renal failure due
to intravascular hemolysis has been extensively
studied and established [33, 34, 43]. In this dis-
cussion, attention will be focused on renal failure
due to heavy malarial infection. Like acute renal
failure due to other causes, there is reduction in re-
Fig. 4. Regenerating distal tubules containing hemoglobin granular cast in the lumen and in the
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Fig. 5. Mitotic activity of epithelial cells of macular densa (MD). (Hematoxylin and eosin; magni-
fication, x252)
nal blood flow. The first component of renal blood
flow as measured by radioactive xenon has been
found to be decreased [21]. Plasma renin activity is
also increased, indicating renin-angiotensin activa-
tion; this is in agreement with the findings in classi-
cal acute renal failure [21]. The possible role of the
factors contributing to the development of renal
failure will be discussed.
Role of catecholamine. In animal malaria, con-
striction of the renal vascular bed and splanchnic
blood vessels has been shown, and it has been re-
versed by phenoxybenzamine injection [44, 45]. In
humans with falciparum malaria during the early
stage of renal failure, evidence of renal ischemia is
indicated by a decreased urine volume, decreased
urine sodium concentration, increased urine os-
molality, and decreased glomerular filtration rate
[46]. Following phenoxybenzamine injection, the
urine flow, urine sodium concentration, and gb-
merular filtration increase along with the reduction
in urine osmolality. The findings offer indirect sup-
port to a possible role of catecholamine release in
the early pathogenesis of renal failure. The general
picture fits well with the concept of increased activi-
ty of the sympathetic nervous system, possibly in-
duced by kinins, and hypovolemia, to be further
discussed. This vasomotor reaction is therefore
non-specific and bears resemblance to that seen in
septic shock from bacterial infection. Although a
malarial toxin has been long postulated, it has never
been found [47, 48]. Renin-angiotensin activation
perhaps plays a secondary role during the later
stage leading to renal failure.
Blood volume. Conflicting results have been ob-
tained in blood volume determination. Although hy-
pervolemia has been documented by some investi-
gators [49, 50], hypovolemia has been described al-
so [51]. It was suggested that vasodilatation during
acute illness led to a decreased effective circulating
blood volume and that the increase in plasma vol-
ume represented a compensatory mechanism to
correct this homeostatic defect [50]. A study by our
group in patients with renal failure showed nor-
movolemia [36]. The patients, however, received
intravenous fluid elsewhere before being trans-
ferred to us. In induced malaria, initial hypovolemia
was observed; this was followed by hypervolemia
and normovolemia [51]. Our recent study in pa-
tients with acute renal failure who had no history of
intravenous fluid administration confirms the fore-
mentioned findings [21]. There was hypovolemia on
admission, followed by hypervolemia and nor-
movolemia. The discrepancy in results thus stems
from the difference in stages of the disease and fluid
therapy. The causes of hypovolemia are multiple,
including increased insensible loss of fluid, sweating
from pyrexia, decreased fluid intake, and increased
capillary permeability possibly due to kinins, kalli-
krein, histamine, adenosine, and an uncategorized
"permeability factor" [52, 53]. Blood and urine kin-
ins have been shown to be increased in malaria,
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gen concentrations in the serum [54]. Kinins, kalli-
kreins, histamine, adenosine, and perhaps other un-
identified factors act as nonspecific agents in caus-
ing endothelial membranes to become more
permeable, allowing the escape of large molecules,
especially protein and water [52]. The hypervolemia
that follows could reflect, in addition to fluid admin-
istration and the inappropriate release of ADH, a
"backshift" of fluid from the interstitial space to in-
travascular compartment after permeability has
been restored. The initial hypovolemia leads to
sympathetic nervous system stimulation, causing
decreased renal blood flow.
Hyperviscosity of blood. Significant hyper-
viscosity of blood has been shown during the acute
phase of malaria [21]. This is explained by the com-
bined effect of the elevation of plasma fibrinogen
and the alteration in the rheologic property of red
blood cells. Plasma fibrinogen is greatly increased,
especially in cases with renal failure. The increase
is of an important degree when compared with
those without renal failure [21]. Decreased deform-
ability of parasitized erythrocytes with increased
viscosity has been shown in experimental malaria
[55]. According to Poiseuille's law of hemo-
dynamics, the increase in blood viscosity would de-
crease the flow in microcirculation. Renal blood
flow is therefore compromised. In this context, the
sludging of erythrocytes described earlier by Knise-
ley et al [56] could be due to hyperviscosity. Stick-
iness of parasitized red blood cells to the vascular
endothelium probably depends primarily on the de-
velopment of circulatory stasis, further potentiated
by blood hyperviscosity [21], membrane changes
[57, 58], rigidity of infected erythrocytes [55], and
the interaction between kinins and kallikrein [52].
Intravascular coagulation. The role of intra-
vascular coagulation in the pathogenesis of renal
failure in malaria deserves consideration. In severe
malaria, the presence of serum fibrinogen degrada-
tion products, prolonged prothrombin time, throm-
bocytopenia, and some alteration of coagulation
factors are common [10]. Although malarial
thrombocytopenia could be the result of platelet ag-
glutination [59] and splenic pooling of platelets ag-
gravated by a decrease in platelet life span [60], the
presence of intravascular coagulation cannot be re-
futed [61, 62]. Diminished fibrinogen half-life has
been shown [63], and fibrin deposition in the vascu-
lar bed has occasionally been demonstrated in mori-
bund cases [64]. In our experience, salient clinical
features and hematologic changes of disseminated
intravascular coagulation have not been observed,
however. Fibrin deposition in the glomeruli has not
been found, although one might argue that its ab-
sence is due to increased fibrinolytic activity. Sev-
eral lines of evidence point to the presence of low-
grade and regional intravascular coagulation sec-
ondary to circulatory stasis, inflammation, and he-
molysis [21, 65, 66]. It therefore would be difficult
to explain renal failure on the basis of intravascular
coagulation.
Intravascular hemolysis, Hemolysis in falcipa-
rum malaria is mainly extravascular. Serum hap-
toglobin, however, has been found to be decreased,
indicating intravascular hemolysis [67]. Except for
those patients with G-6-PD deficiency and multiple
drug therapy who may have severe hemolysis or in-
travascular hemolysis due to blackwater fever, in-
travascular hemolysis is usually mild [21]. Plasma
hemoglobin is minimal in most cases and is unlikely
to account for renal failure.
Role ofjaundice. There is jaundice of varying de-
grees in malarial patients, and the association be-
tween renal failure and obstructive jaundice is a
well-known clinical finding [68]. In our experience,
patients with severe oliguria or even total anuria are
those with hyperbilirubinemia of over 25 mg/100 ml.
Decrease in serum bilirubin by exchange blood
transfusion leads to increased urine flow and im-
provement of renal function [41]. The reason for
this is not clear, but bile acids have been shown to
have tubulotoxic effects [69], and jaundiced plasma
increases vascular sensitivity to catecholamine [70].
From our recent study, however, in a series of pa-
tients with renal failure with serum bilirubin con-
centrations ranging from 4 to 20 mgIlOO ml, there
was no correlation between the severity of renal
failure and the degree of jaundice [21]. It is there-
fore felt that renal failure is not caused by jaundice,
but hyperbilirubinemia may further compromise the
already impaired renal function.
In conclusion, renal failure in falciparum malaria
is due to renal ischemia brought about by several
pathophysiologic changes. The chain of events
starts from the release, as an inflammatory re-
sponse, of chemical substances which include hista-
mine, adenosine, kinins, and other vascular per-
meability factors. Capillary permeability is thus in-
creased, allowing the escape of protein and water,
which results in hypovolemia. Both kinins and hy-
povolemia stimulate catecholamine release, causing
vasoconstriction. A combination of hypovolemia,
catecholamine effect, and hyperviscosity along with
plugging of parasitized erythrocytes during the late
stage of the disease leads to impairment of renal mi-
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crocirculation and renal failure. Finally, cytotoxic
factor, detected in the blood late in the course of the
disease, could further contribute to cellular damage
[66].
Reprint requests to Dr. V. Boonpucknavig, Department of Pa-
thology, Faculty of Medicine, Ramathibodi Hospital, Bangkok,
Thailand.
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